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There has been described recently from this laboratory  2 an inde- 
pendent affection of the liver characterized anatomically by "mul- 
tiple,  irregular, circumscribed solution of liver cells without paren- 
chymatous  degeneration  or  coagulation  necrosis,  and  associated 
with a  corresponding lobular  blood  and bile  stasis  in  the  affected 
areas.  It appeared that the protoplasm and later the nucleus of the 
cells simply wasted and dissolved, leaving a  more or less  well pre- 
served  reticulum  with  stagnant  blood  and  bile."  The  condition 
has  been  observed  here  six  times  (two  unpublished  cases)  and 
seems to be characterized clinically by jaundice and mental symp- 
toms,  usually delirium,  followed by a  rapidly fatal  issue.  To the 
lesion as a whole Oertel has applied the term "multiple non-inflam- 
matory necrosis of the liver with jaundice."  The cellular changes 
he designates "cytolysis." 
While  several  observers,  notably  Flexner  in  this  country  and 
Fr.  Muller  in  Germany,  correlating chemical with  morphological 
findings,  have sought  to  explain  certain pathological  processes  on 
the basis of the property of certain cells to elaborate digestive fer- 
ments, practically no work has been done on the structural changes 
brought  about  in  the  tissues  by  the  action  of  such  substances. 
Hauser  a in  1886 kept small pieces of liver under aseptic conditions 
for  varying lengths  of  time.  The  specimens gradually  softened. 
1 This  study  was  aided  by  an  appropriation  from  the  Rockefeller  Institute 
for Medical Research. 
Your.  Med.  _Research, 19o4, xii, 75.  ]our.  Exper.  Med.,  19o6, viii,  lO3.  Col- 
lected  Proc.  N.  Y.  Path.  Soc.,  new  series,  19o5-6,  v,  143. 
~Arch.  [iir  exper.  Path.  v.  Pharm.,  1886, xx,  162. 
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Microscopically the cell  form was  found to be preserved to a  late 
date, the nuclei were degenerate and the cytoplasm appeared granu- 
lar.  Waldvogel  ~ recently repeated these experiments with like re- 
sults.  Both these observers,  however, were working on problems 
which did not intimately concern the morphology of autolysis and 
consequently their description of the cellular changes is  lacking in 
detail. 
The present communication has  to do, first,  with a  detailed de- 
scription of the cell changes in multiple non-inflammatory necrosis 
of the liver and with related cell changes in other conditions, and, 
second, with the description of a  variety of cell degeneration like- 
wise affecting the liver and,  I  believe, generically allied to  that of 
Oertel's  lesion  but  presenting  distinctly  different  characteristics, 
both general and cytological. 
In  multiple non-inflammatory necrosis  the  individual liver  cells 
are large and, although irregular in outline, the various forms are 
well  preserved.  The  nuclei  are  relatively  large  and  occupy, as  a 
rule, a  central position in the cell body, being pushed aside only in 
those instances in which the cytoplasm has been the seat of fat de- 
posit.  The  cytoplasm  appears  pale  and  washed  out  and  stains 
poorly.  The  nucleus,  relatively  much  richer  in  substance,  stains 
correspondingly deeply; its shape for the most part is well preserved 
and  the nuclear membrane appears  to  be  intact and  stains  deeply, 
while  immediately within  the  membrane are  numerous large  and 
small,  deeply staining granules  which follow the circumference of 
the nucleus.  The center of the nucleus is pale and turbid and not in- 
frequently  is  traversed  by  fine  chromatin bands  which  appear  to 
radiate from the relatively large, rounded, deeply staining nucleolus 
or nucleoli.  In those cells in which the nucleus appears only slightly 
disintegrated the cytoplasm is correspondingly well preserved. 
The  change  in  the  cytoplasm appears  primarily  to  be  a  simple 
solution of the hyaloplasm with retention of the spongioplastic net- 
work, giving the cell a  finely honeycombed appearance.  In places 
the meshes of the spongioplasm are partly occupied by minute bile 
particles;  in  other places  certain alveoli seem to  have coalesced to 
Virdww's  Arch.,  I9o4, clxxvli, I;  Deut.  Arch.  flit  klin.  Med.,  I9o5, lxxxii, 
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form a  large vacuole for the reception of aggregations of such par- 
ticles.  In other places the cytoplasm shows large vacuoles which, 
in fresh sections stained in Sudan ~  I I, reveal the presence of neutral 
fats. 
A  further step in the destruction of the cell after the hyaloplasm 
has been dissolved out is  represented by shrinkage of the spongio- 
plasm, followed by enlargement and distortion of the cell body and 
partial  or  complete  nuclear  destruction.  The  fine  spongioplastic 
network may be retained in places and lost in others.  In the end all 
that  remains is  a  wrinkled but  otherwise intact  cell  membrane en- 
closing,  in  some  instances,  a  few  coarse,  irregularly  distributed 
reticular  fragments  and  occasional  fat  droplets  or  aggregations 
of bile. 
It is  found, however, that  cell changes simulating those just  de- 
scribed  are not confined to  multiple non-inflammatory necrosis  of 
the liver.  In the exudate in  resolving pneumonia, in the cells that 
lie free in the alveoli in chronic cyanosis of the lungs, and in cerebral 
softening,  similar  structural  changes  are  apparent,  brought  about, 
it is believed, by solvent action. 
The solution of the red cells can be traced both in the capillaries 
and smaller vessels and in the alveoli, especially in chronic cyanosis 
of the lungs.  The first change appears to consist of partial solution 
of the h~emoglobin manifested by a  diminution of the avidity with 
which the cell takes up the acid stain.  The corpuscle stains  a  dull 
pink  or dirty yellow and becomes opaquely granular.  From this 
point the staining qualities can be traced through certain gradations 
in color until finally the cell stains very faintly or not at all, appear- 
ing as a definitely rounded body with an intact cell membrane which 
encloses a  pinkish or bluish or grayish opaquely granular material, 
the  cell  varying in  diameter  from five  to  twelve  microns  or  even 
more.  Finally  the  altered  cell  substance  is  completely  dissolved 
out and all that remains is the cell membrane.  This structure fre- 
quently retains its rounded shape, but occasionally appears wrinkled 
--the "shadow"  or "ghost"  cell.  In the pulmonary alveolus the 
pale,  definitely rounded,  non-nucleated cells constitute a  character- 
istic feature, the peculiar constitution  of the cytoplasm being very 
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alveolus the corpuscle often increases in size, an effect due, no doubt, 
to a variety of factors. 
In the white cells certain individual morphological variations are 
presented.  The  leucocytes earliest  affected are  comparable  to  the 
large  lymphocytes; the  polymorphonuclear  cells,  while  not  infre- 
quently involved, appear  to be  relatively immune or at  least  more 
resistant.  The first visible change in the leucocytes consists of swell- 
ing of the cytoplasm, which becomes cloudy and  stains  a  dull  red 
with eosin.  It  then appears  to  lose entirely or  almost  entirely its 
affinity for the acid  dye, staining  faintly blue  or  pink.  The  cells 
become more or less irregular both  in shape and size, although the 
continuity  of  the  enclosing  membrane  is  practically  always  pre- 
served.  At this  stage the cytoplasm shows  a  distinct reticular ar- 
rangement with  the  formation  of  empty alveoli.  The  nuclei  dis- 
play  various  degrees  of  disintegration  and  are  much  distorted. 
The  further  destruction  of  the  cell  may  be  accomplished, 
h,owever,  in  different ways  and  the  various  steps  cannot  well  be 
followed.  Sometimes the cytoplasm at the periphery is lost,  a  few 
irregular clumps being arranged around the  rapidly disintegrating 
nucleus.  Or the nucleus may be found lying next the cell membrane, 
where frequently it  becomes flattened or cresentic in  outline, while 
the cell body is made up of irregularly scattered reticular remnants. 
Finally the nucleus is  lost and the cell appears  either as an irregu- 
larly  rounded  body  enclosing  a  few  reticular  fragments  or  as  a 
mere shell. 
In  chronic  encephalitis  with  extensive  softening  the  leucocytes 
in  the softened areas and, to a  less extent,  those in  the better pre- 
served  parts  of  the  brain,  show  all  varieties  of  the  degenerative 
changes just described that lead to the exposure of the cell reticulum. 
In addition there are to be seen numbers of large, very pale leuco- 
cytes whose  outline  is  irregular  but  whose  cell  membrane is  pre- 
served.  The cytoplasm appears to be made up of opaque, structure- 
less material and the nucleus is  markedly degenerate.  In  some of 
these cells  the nucleus has  disappeared  and  the cell  membrane en- 
closes  opaque,  amorphous  material  only,  which  may  be  scattered 
evenly over the surface or arranged irregularly in clumps.  In still 
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collections of debris.  In  the end the cell membrane  alone remains. 
This peculiar appearance of the cell may be likened to that  of the 
cytolyzed red cells already  described,  or more aptly  still  to  certain 
structural  changes in the liver cells to be described later. 
Related  changes  can  be  followed  in  tlm  alveolar  epithelium  in 
pneumonia  and  in  chronic  cyanosis  of  the  lungs.  These  cells, 
as they lie attached  to or partially  detached  from the alveolar wall, 
appear  as  large,  palely staining,  flattened  or  elongated bodies with 
pale,  rounded  or  oval  nuclei  which  enclose  rather  deeply  staining 
nucleoli.  The  cytoplasm  presents  a  distinct  reticulum  and  the 
hyaloplasm is not visible.  After the cell is completely detached and 
lies  free  in  the  alveolus  it  often  becomes swollen  and  irregular  in 
shape,  but  retains  otherwise  tlm  general  characteristics  just  de- 
scribed.  Its identification in this position can usually be determined 
by the fact that  its nucleus encloses a  nucleolus, by the shape of the 
cell and by the occurrence of large,  golden brown pigment particles, 
although  similar  pigment  masses  now  and  then  can  be  seen  lying 
upon or within  cytolyzing leucocytes. 
In  connection  with  the  general  question  of  cytolysis  I  wish  to 
draw  attention  to  a  form  of  cell  degeneration  occurring  in  the 
liver,  for which,  assmning  that  the  morphological  interpretation  is 
correct,  because of the  character  of the  cellular  changes  presented, 
I  would suggest the term  "cytolysis granulosa."  Since the  condi- 
tion  was  first  detected  I  have  looked  for  it  in  about  two  hundred 
cases and have been able to find  it  present  seven times  as  a  widely 
spread, diffuse affection and  several times as a  more restricted proc- 
ess.  Neither the clinical histories of the respective patients  nor the 
microscopical findings  in the  different organs  throw  much  light  on 
tire changes in the liver cells.  Three patients presented well-marked 
anatomical  evidences  of  syphilis.  The  gross  appearance  of  the 
liver was noi regarded in any case as at all remarkable. 
In three instances the autopsy was performed within  four or five 
hours after death.  Specimens were preserved in 5 per cent. formalin 
solution  and  examined  in  frozen  or  celloidin  and  paraffin  sections. 
The  change  appears  to  show  to  best  advantage  when  sections  are 
deeply  stained  in  B6hmer's  ha~motoxylin  and  examined  under  the 
oil immersion  lens. Douglas  Symmers.  69 
In  this  condition the  liver  cells  appear  for  the most part  to  be 
arranged in definite rows,  closely packed together; the cell outline 
is unusually distinct and the normal shape almost always is retained. 
The intercolumnar vascular and lymphatic channels are wide.  Un- 
der the oil immersion lens the cells everywhere appear pale and of 
average  size.  The  cell  membrane  stains  deeply  and  stands  out 
prominently against  the pale cytoplasm.  The nucleus almost uni- 
formly is enlarged out of proportion to the size of*the celt as a whole 
and is usually rounded, occasionally indented, in most cells lying in 
the center, in some being pushed to one side.  In what seems to be 
the initial step in the process the cytoplasm looks pale and made up 
of turbid, granular looking, structureless material evenly but thinly 
distributed over the surface of the ceil, and composed apparently of 
a  combination of  altered  hyaloplasm and  broken-down  reticulum. 
The nucleus now shows beginning central turbidity with small chro- 
matin  granules  arranged  peripherally.  A  nucleolus--sometimes 
more than one--may be present.  In cells still more badly damaged 
this hazy, dirty looking material is arranged in irregularly scattered 
clumps, while between the clumps are finer, hazy, granular looking 
particles.  At this stage the nucleus is very pale and the center very 
turbid, but the nuclear membrane still stains deeply and is intact.  A 
few  small  chromatin granules  are  visible  within  the body of  the 
nucleus.  Toward the end the nucleus shrinks in  size and retreats 
toward the periphery of the cell where it seems to be supported partly 
by the cell membrane and partly by clumps of debris; its center now 
is extremely turbid but the enclosing membrane still is very definitely 
outlined.  Finally,  the cell  contents disappear  completely and  the 
cell membrane alone remains. 
In  most  cases  moderate  bile  imbibition  is  to  be  observed.  It 
occurs in two forms: First, as very finely divided particles scattered 
over  certain  cells  and,  second,  as  aggregations  of  such  particles 
lying in  large  vacuoles  in the cytoplasm.  The vascular  and  lym- 
phatic channels  lying between  the  rows of  liver  cells  are  usually 
greatly dilated,  their  endothelial lining being easily distinguished. 
The  vascular  channels  contain  a  few  pale  red  cells,  shadow  cor- 
puscles, small numbers of leucocytes and debris.  Sections stained 
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mostly  as  rather  large  rounded  masses,  but  occasionally  as  very 
minute particles  lying in  the cytoplasm. 
The  peculair  material  replacing the  cytoplasm of the  liver  cells 
is  insoluble in  chloroform, ether,  alcohol,  equal  parts  of ether and 
alcohol,  I  per cent.  sodium hydrate solution and  2  per cent.  acetic 
acid  solution.  The  last  substance,  however,  renders  it  cloudy,  so 
that the cell membrane is  obscured.  It  is unaffected by prolonged 
exposure to  I  per cent. osmic acid solution, except to a  very slight 
degree, a few small, blackish spots appearing here and there. 
From these observations the following conclusions may be drawn : 
I.  Those  pathological  processes  that  appear  to  depend  upon 
cytolysis present  at  least  two  definite  types  of  structural  changes 
in cells--the one characterized by rapid, simple solution of the hyalo- 
plasm with preservation of the cell reticulum as, for example, in mul- 
tiple non-inflammatory necrosis of the liver; the other by alteration 
of the hyaloplasm and reticulum with the formation of amorphous 
material,  both  the  cell  and  nuclear  membranes  remaining  very 
resistant,  as  in  the liver cells just  described.  Extreme tenacity of 
the cell membrane appears to be the most constant single feature of 
all forms of cytolysis thus far recognized. 
2.  Polyehromatophilia  is  associated  with  solution  of  the  haemo- 
globin  of  the  red  cells,  especially  in  those  conditions  which  are 
attended by destruction of  blood.  It  appears  not  improbable  that 
this  peculiar  reaction  of the  cell  may represent a  physiological  as 
well as  a  pathological  condition.  As  a  physiological process  it  is 
conceivable that the polychromatophilia apparent  in  the earlier de- 
velopmental stage of the red cells represents an attempt on the part 
of the organism to dispose of an excess of such cells by solution or 
that the cells have not yet received their full supply of haemoglobin. 
In closing I wish to express my appreciation of the interest shown 
in this work by Dr. Horst Oertel. 